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ALIGNING SOOTICAL COMPONENTS OP AN OPTICAL MEASURING 
SYSTEM.' ' 

The- present invention relates to a method of and 
apparatus fOf aligning the components of an optical 
measuring system preparatory to using them in a 
measuring" operation. 

» ( • 

One, known type of optical measuring system consists of 
two, or more housings, at least one of which is to be 
fixed to the bed of the machine and another one of 
which is to bp carried by the movable arm or spindle of 
the: machine-. One of the housings contains one or more 
light sources and detectors, and will be referred to 
hereinafter as the "'source housing" while the other 
housing contains reflectors, and will be referred to 
hereinafter as the "reflector housing" . Usually the 
source, housing is .maintained in. a fixed position on the 
bed. of ,the machine .and the reflector housing is mounted 
on a part; of the machine moveable with respect to the 
machine^ bed* e.g. the machine spindle. 

it t » 

Aligning the optical components is often a time- 
consuming; process which involves firstly the alignment 
of the .source housing so that the beam or beams 
generated are' directed along, or parallel .to, one or 
more pf the x,Y and Z axes of the machine. Then the 
reflectors- have to.be aligned with the beam or beams so 
that the ^reflected beams are directed back onto the 
detectors. Depending on the type of detectors being 
used the 'alignment 'may have to be accurate to within a 
few- arc seconds 



A firs,t aspect of the invention provides a connector 
device 'comprising: 

a ,etem with a first end and a second end, such 
5 that *he first end may be inserted into a fir at 

receiving meaha and the second end may be inserted into 
a secoiid receiving means; 

, ;*he±te±n said stem is divided into two halves along 
itp longitudinal axis, with a bridging portion joining 
1-0 the tvd halves; ' 

* and an actuator which locks both the fiust and 
second *eind* of the .©tern within the first and second 

respective receiving means . 

* • * 

* * « 

15 Preferably the actuator comprises a locking device in 

one of said first and second receiving means which 
pushes the. tvo halves • of one end of the stem together 
which" results in the opposite end of the stem having 
the two halves pushed apart and against the respective 
20 receiving means.' 

Pre'ferkbly 'the steth is provided with a protrusion at 
each end. - 

15 ■ A second aspect 'of the invention provides an optical 
measuring system for a machine comprising; 

a first housing attached to a first surface of the 
machine ? 

. a 'second housing attached to a second surface of 
0 th6. machine, said second surface of the machine being 
moveable with respect to said first surface of the 
machine,;' t 

said first .and second housings each being provided 
- - with a- complementary part of a first mounting device, " 



such that when the two parts of the f irat mounting 
device are connected together, the housings are 
mutually aligned and aligned with a known direction of 
the. illative movement of the moving part of the 
machine / * 

wherein said fixed surface of the machine and a 
plurality of surfaces of the first housing are each 
provided ;with a . Corapleraentary part of a second mounting 
device/ sudh that when the two parta of the second 
mounting device are connected together, the first and 
second housings may be aligned in one of the X,Y,Z,-X 
and -*Y 'axes of -the machine, 
i 

Onde :t'he iret and Second housings have been aligned 
using the fir&t mounting device, the orientation of the 
second mounting device between the first housing and 
this* fixed surface of the machine is arranged such that 
realignment of the first and second housings relative 
to one' another is not required. 

The second housing may be connected to the moving 
suirfac^ of the machine by a connecting device. A 
plutcility of surfaces on the Second housing and a 
plurality of surfaces of the connecting device are each 
provided with a complementary part of a third mounting 
device,* such that when the two parts of the third 
mounting device are connected together, the connecting 
device is correctly aligned for connection to the 
moving part of the machine. 

» , i 

, I 

Once the .first and second housings have been aligned 
usin£ the first mounting device, the orientation of the 
third! wouinting device between the second housing and 
the, connecting device is arranged such that realignment 
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of the ..first and second houeing relative to one -another 
is not -required. 

Preferably the geometric combination of the first and 
housings ±s* BUC h that the moving part of the machine 
starts ;i* the same position in x,y^ when connecting to 
the -second housing, whatever is the orientation of the 
first .and second housings. 

A third aspect of the invention provides an optical 
measuring system for a machine Comprising: 

_ a ,? lous± . n 9 attached to .a. fixed surface of- the 

machine ' 

wherein eaid fixed surface of the machine and a 
plurality of surfaces of the housing are each provided 
with a complementary part of a mounting device, such 
that when the' two parts of the mounting device are 
conhb'c-ted tfogethe*, the housing may be aligned in one 
of; a plurality of known directions; 

: . therein a cable leads to the housing end wherein 
the cable is provided with a cable mounting device; 
and wherein the cable mounting device may be 
positioned, .on the fixed surface such that at each 
orientation: of the first housing, the cable transmits 
25 an equal force dn the housing. 

A fourth aspect 'of the invention apparatus for the 
controlled lowering of a housing of an optical 
measuring system onto a surface of a machine comprising 
30 a platform, onto which the housing may be mounted such 
that rotation. of the platform in a first direction 
causes the platform to be raised and rotation of the 
Plat-Borm -in' a ; second opposite direction causes the 
platform .to. be .lowered; ...... 
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, ( wherein the housing may be placed on the raised 
platf oa?m *afad the platf oicm rotated to lower the housing 
towajriia tfhe surface. 

5 A fifth aspect of the invention provides apparatus for 
adjusting t)ie angle of a base about an axis of an 
opticjal measuring eye tern mounted on a surface of a 
machine cojqpri&ingj 

an inclined surface on the surface of the machine; 

0 t a moveable member mounted on the inclined Surface , 
on which in turn the base ia mounted; 

a pivot between the base and the surface of the 
machine;; 

such that when the moveable member is moved in a 
5 first direction along the inclined surface, it moved 
upwards and causes .the base to pivot about the pivot 
point, in" one direction and when the moveable member is 
moved in a second opposite direction along the inclined 
surface, it moves downwards and causes the base to 

1 pivot* about the pivot point: in an opposite direction. 

Preferably the inclined surface comprises a pair of 
rollers, knd the 'moveable member comprises a ball. 

Preferably apparatus is provided to pivot the base 
about each of the X r Y and Z axes-. 

t * * . i i 

( % 

The. invention will now be described, by way of example 
only, - and with reference to the following drawings in 
which? ' ; 

Pig 1 is ( a diagrammatic elevation of the component 
of a prior- art optical measuring system; 

' Fig 2 is, a side view of an adjustable connector 
• according to .the. invention; 



- Figg 3A-3B 'are views* of the eourg$ and acef lector 
housings 'aligned along the X,Y„-x, -Y and 2 axis 
directions ; 

- Figs^4A and 4B show the geometric combination of 
5 the source, 'and reflector 'housings aligned along the Y 

and,' 2 -directions; , 

Pig 5A is a pian view of the optical measuring 
systdrri ^aligfned vlth th© Z axis; 

Fig 'SB i s a side view of the optical measuring 
system 'aligned with the 2 axis/ 

Fxg 5C is a plan view of th$ optical measuring 

. system-laligned -with -the X-axis; — 

Fig 5C is a side view of the optical measuring 
system .'aligned with the x axis; 

• 1 4 Pigs 6A-D show plan and side views of the 
controlled lpwering platform; 

. .Fig,7A and ,7B show side and end views respectively 
of, the 'base plate adjusting device/ and 

.Pig 8 illustrate a ball-bar embodiment of the 
invention* 

Referring- to the drawings, Fig 1 shows a prior art 
embodiment' of an optical measuring system for mounting 
on a machine' as disclosed in co-pending application 
PCT/GBo'l/0309'6 filed on 11 th July 2001. 

The optical measuring system includes a base plate 10, 
a source .housing 26 and a reflector housing 22, all of 
which need ito be properly aligned with one or more of 
the machine axes. The base plate 10 is connected to 
the bed of the machine by screws 12, 14. 

1 

The' source housing' 20 may contain an autocollimator 
formed in optical sequence by, a light source 24, a 



beam Splitter 26 , a collimating lens 28 through which a 
colligated light beam passes out of the housing, and a 
defector '3o which receives a return light beam from the 
reflector 32 in thereflector housing 22 via the beam 
5 splitter 25. • 

Thte source 'housing 20also includes a kinematic aea t in 
the form. of three spherical seating elements 16 
arranged 'i,n a triangular array and spaced at 120" 
10 apart. • The seating elements is co-operate with three V 
- shaped grooVes (not shown) on the base plate to form 
a conventional kinematic seat for repeatable 
positioning of the housing on the base plate. 

IS The .source., housing has a further kinematic seat IB on 
its front face tie the face which is orthogonal to the 
beam direction) ( on which the reflector housing may be 
seated. The light source and the reflector are aligned 
during the manufacturing stage to ensure that when the 
20 reflector housing is seated in the kinematic seat is on 
the- 'front fact of the housing, the light beam and 
reflector are properly aligned. 



It ban be seen .therefore that once the source housing 
20 is correctly aligned to direct a light beam along 

one of , 'the machine axes, eg the X-axis, the reflector 
housing. .22. can be # seated on the kinematic seat 18 on 
the" front face of the source housing 20, and will 
automatically, be aligned with the beam from the light 
source 24. . Magnets 33 are used to urge the two 
housings .20, 22 together at the kinematic seat 18. 

In ptder ;to take care of any mis-match in position 
between the machine spindle 34 and the reflector 
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l.-l. . . - 

housing:- 22 when the two ate to be connected together, 
the reflfeetor housing 22 is provided with a limited 
amount of c6mplianc e by using an adjustable connector 
by means of which the housing 22 can be connected to 
the, spindle 34 of the machine. The adjustable 
connector, has a ball 36 which is to be seated in a 
socket 38 on the machine spindle. The ball 36 is 
adjustably supported in a retaining device 40 w hioh, in 
cum is connected to the reflector housing 22, by any 
suitable means. 



IS 
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- A J***««?™*» embodiment -of - the- adjustable- connector Will 
now be described with reference to fig 2. The socket 
38 of the machine spindle comprises a cylindrical bore 
whid-h ; houses ball 36 of the adjustable connector. The 
retaining device 40^ also comprises a cylindrical bore 
42 and is mounted on the reflector housing 22, 
pre-ferabXy by 'kinematic mounts 52. 

The .bail -as of the adjustable connector is connected by 
a stem .46 to a further ball 48 whioh lies inside the 
bore '42 'of -the, retaining device 40. 

*he ; Sails > and'48,of the adjustable connector may 

surface at the portion of 
the- ball in 'contact with the surface of the cylindrical 
bore. 
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The ball 36 .can be adjusted through' a limited angle to 
enabjLe it to be engaged in the socket 3 8 of the machine 
spindle. The ball is. retained in socket 35 in known 
manner by .providing" magnets (not shown) in the ball 36, 
the socket 38,vof both. 

* i % 1 



Two. jyli'ts S4,56 extends from opposite ends of the 
adjustable coimector along its longitudinal axis to 
just short of its centre, leaving just a small bridging 
portion 57 'connecting the two halves of the adjustable 
connector together, A locking screw 58 is provided in 
the* socket 38 of the machine spindle which when 
tightened pushes against the ball 36; thus fixing the 
ball [36 within the socket 3 8 and also pushing the two 
halves of the ball' 36 together. The bridging portion 
57 pf /the adjustable connector acta as a hinge and as 
the two halve's of ball 36 are pushed together, th«=s two 
halytfri : of ball 49 are pushed apart and against the 

of the cylindrical bore 1 42, fixing it In 
position 1 ' 

This -connector thus has the advantage that one 
actuation locks both balls. 

Once the source housing 20 has been aligned with an 
axis o£ the machine, the reflector housing 22 attached 
to 'the jttiachine spindle can be brought up to the source 
hoiieing 20". With the locking screw loosened, the 
adjustable connector will be free enough to rotate so 
that the reflector housing 22 will seat in the 
kinematic seat ia By this means automatic alignment 
of tjje 'source housing 20 and the reflector housing 22 
can be .ensured. Once seated in the kinematic seat 18 
the locking screw is tightened to maintain the 

orientation of the housing 22. 

» * 1 

r 

It is .desirable to align the source housing 20 with 
other machine axes. In the above described example, 
where source housing is mounted on a base plate, 
the source % housing may have otlxer sets of kinematic 



eletnents 'on its lower surface or on other ones of its 
orthogonal 'faces. By this means it can be rotated 
through 90 / in 'different planes and be re-seated on 

the kinematic seat, on the base plate in different 
orientations with the light beam from the source 
diluted a^png different ones of the machine axes. The 
reflector housing will continue to seat in the same 
kinema'tiq seat 18 6n the source housing so that it will 
also be aligned with the different axea. 

Figs ahows the plan view of the source housing 2 0 

-and-re-f-lee-to^-housing-22 on-the-ba.ee pl*fce--JL0-— -Fig ~3a — 
shows ,the light beam aligned with thex axis, Fig 3b 
shows the light 'beam aligned with the Y axis, Pig 3c 
shows the light beam aligned with the -X axis and Fig 
3d shows 'the light be,am aligned with the -Y axis. Pig 
3e ehowe a side view with the light beam aligned with 
the Z axis. 

A set. of kinematics elements are provided on the base 
plate, and source housing to define each of the X f Y, Z, 
-X, -Y Idirections. • Each set of kinematics are not 
necessarily independent, with balls or V-shaped grooves 
from one ,set also forming part of another set. 

Once the source and reflector housings 20,22 have been 
aligned for the first axis sing the kinematic Beat 18, 
the- orientations of the kinematic elements between the 
source housing '20 and the bass plate 10 and between the 
reflectbr housing 22 and the retaining device' 40 means 
that; Soar subsequent axes, realignment of the source and 
reflector housings 20,22 on the kinematic seat 18 is 
not' required. 



* . * • 11 

For eadh ; posi£ion of the source and reflector housing 
20,22* the retaining device 4 0 which holds the 
adjustable connector must be mounted on the reflector 
housing 22 in a different position. The location of 
the, retaining device 40 in each respective position of 
the, retaining device on the reflector housing is 
defined by a respective kinematic seat. A different 
set of 'kinematic elements is thus provided between the 
refleefcox housing 22 and the retaining device 40 for 
each position of the retaining device. As before, each, 
set. of Jcine,matic*s may share elements with another set* 

For calibration of large machines, it is desirable to 
start with the source housing 20 in the middle of the 
machine and' first move the reflector housing 22 along 
one axis .(eg X axia) and then turn the source and 
reflector housings 20 f 22 around 180 # and move the 
reflectp-r housing along that axis in the opposite 
direction (eg -X axis) , it is thus desirable for the 
source housing 20 and base plate 10 to have kinematios 
defining the -X and -Y directions. 

There- are thus five sets of kinematics defining the 
X, Y,2> -X' and -Y directions, although each set is not 
necessarily independent from the other sets. 

As illustrated in figs 4A and 4B, the geometric 
combination of the ^source housing 20 and the reflector 
housing' -2~2 allow, the same co-ordinate start position 

for calibration of ?c r y and z axis after initial set up. 

■ 1 . • ' 

Pidf *4A' shows the source housing 20 being aligned along 
the Y, axis and fig 4B shows the source housing 20 

aliened' along the Z axis. In both cases the distance a 

• * . * 
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between th^ quill 34 and. the reflector housing 22 is 
the same.; Thus when calibrating in different 
orientations '(ie along the X>Y or Z axes) , the start 
point! -is always the same. 
5 ' 

The optical source may be located remotely from the 
source housing, 'particularly as heat from the optical 
source may cause distortion on the housing. An optical 
fibre majr thus be used to channel the light from the 
10 light Source, to the source housing. 

The sour ce housing is provi ded with a__supply cable 
which houses the optical fibres. This is shown in figs 
5A-p. Figs 5S and'BB show the plan and aide view 

15 respectively of 'the source housing 20 aligned with the 
Z aDci«- Figs 5C and 5D show the plan and side view 
respectively of the source housing aligned with the X 
axis- Tfie supply cable 60 transmits forces due to its 
bending ont.O the source housing 20 which may result in 

20 the source housing not sitting scjuarely on the 

kinematic seat 16. It is therefore desirable to 
minimise the force. due to the bending of ' the cable 60. 

The Supply cable 60 is provided with a cable mounting 
25 block 62 which may be attached to the base plate 10. 
Thfe' mounting' block can be clipped irito various 
locations on the base plate 10 depending upon the 
orientation of the source housing 20. The position o£ 
the cable mounting block 62 on the base plate is 
30 defined by a kinematic seat and is held in position by 
magnets (no.t shown) . 
■ 

The cable mounting block 62 has a plurality of angled 
fae^s, isuch that in different- orientations- of the- 
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sourqe ^housing 20 , . different faces of the cable . 
mounting b^opk toay be clipped onto the base plate 10 , 

by way -of a respective kinematic seat on that face, 

i 

« * 
» • * t 

This* position of the kinematic seat a and the angles of 
the f&cefc of the cable mounting block 62 ensures that 
minimal and equal forces fwm the cable are transmitted 
to. trta* -douFcfe housing for each orientation pf the 

source -housing. 

* * » • • 

i # 

Re£eatfed 'lowering of the source housing onto the base 
plate dould rfeeult in damage to the kinematic surfaces. 
In ,tha present embodiment the base plate is provided 
with 'a controlled lowering platform so 'that the source 
block iV lowered onto the kinematics in a repeatable 
way which minimize^ the- risk of impact damage. 

S"i& .showa a first embodiment of . the controlled 
lowering platform. A lifting platform 64 is provided 
onto 1 which the source housing 20 may be placed* This 
is sep'erkted from the base plate by a rotatable disc 
66." Ball* bearings 68 are located between the disc 66 
aiid: the baeie plate 10 and between the disc 66 and the 
lif ting % platf omi 64 to allow rotation of the disc 66 . 
The; surface of the disc 66 is provided with tapered 
grotvee; into which the ball bearings 6a are seated. 
When the ball bearings are seated in the wide portion 
of the jgrooye, the 'lifting platform 64 is in ins 
lowerfeji position , However as the disc 66 is rotated, 
the g;roove presents its narrower portion to the ball 
bearing 68 resulting "in the lifting platform 64 being 
raisfed^ By mpvifcg the disc 66 in the opposite 
direction,, the lifting platform 64 may gently be 
low£rfed\ 
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A dktfiper .70 is provided to smooth tile movement of the 
lifting platform 64. The damper 70 may be provided on 
a lever 72 which is used to rotate the disc 66. 
5 Alternatively the 'damper 70 may be located between the 
base .plafce .10 and the lifting platform 64, as shown in 

1 

figr 6B. , 

A second ^embodiment of the controlled lowering platform 
10 is illustrated in figs 6C and 6D. In this embodiment, 

the lifting platform 64 is provided with a downwardly 
_ dependent cylinder 74 with a_threaded outer surface^ 

The. central disc is replaced by a ring 76 with a 

threaded inner surface. Rotation of the ring 76, using 
15 the lever 72 will result in the lifting platform 64 

being rjalsed by'rotation in one direction and the 

lifting, platform being lowered in the opposite 

direction. 1 

20 As, in the previous embodiment, a damper 70 may be 

provided .on the 'lever 72 as shown in fig 6C or between 
the' base plate 10 and the lifting platform 64, as shown 
in;fig'6D. 

25 The base plate 10 must be aligned in the X-lf plane and 
this' is normally achieved by mounting it on an 
accurately horizontal machine bed. However if the 
machine bed is hot accurately horizontal, then 
adjustments on the base plate is required. 
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Figs 7A and. 76 illustrate an adjustment mechanism on 
base plate 10. A pair of rollers 83,84 are provided on 
which, a ball bearing 86 is seated. The rollers 83,84 
are^ angled from- the X-Y plane so that movement of the 
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ball 8S» ±ti the direction of arrow A causes the ball to 
move upwards and movement of the ball in a direction 
opposite to arrow A causes the ball to move downwards. 
Base' plate 10 has a pad 86 on its lower surface which 
5 is mounted Over the ball bearing as.. 
■ , 

A seeonjl ball bearing 90 is provided between the base 
plate 10 and machine bed 80 and acts as a pivot. 
Therefore' by turning the adjustment screw 92 the ball 
10 86 may be mpved along the rollers, thus pivoting the 
base p3.at,e 10 about the ball bearing 90. 

; 

Three] such' adjustment devices may be provided on the 
base plate,' ail using the same pivot point, to allow 
15 the b^ee' plate to be adjusted about' the x,Y and Z axefe. 

% « , 

/ ' 

In; yet another embodiment as shown in Pig 8, the two 
housings. 20, and 22 form two parts of a ball-bar. A 
first part has a' ball 100 capable of seating in a cup 
20 102 . magnetically retained in the machine bed by magnets 
101, A housing 104 is connected to the ball and 
contains the light source and Interferometer optics of 
a linear measurement interferometer 105. The second 
part has a ball 106 capable of seating in a cup 108 
2S magnetically retained by the machine spindle by magnets 
107; and has a housing 110 which contains the 
ret roref lector 109 of the interferometer. Preferably 
the'cupfe each contain three pads on which the balls 100 
and' 106 are< kinematically seated. The two parts of the 
30 ball -bar' are joined at a kinematic joint 114 formed by 
seating elements on each part of the ball -bar which are 
urged into engagement by magnets lie. 

i t 

t 

In. order to align the ball -bar along a machine axis for 



16 

taking, ■measurement s , the dup 102 is positioned on the 
machine and; ball 100 of the first part is brought down 
to seat an cu£ 102 t From the reading of the machine 
scalfes tKe positioiji of bal.1 100 can be determined. The 
machine spindle, v/ith the ball 100 and its associated 
housing 1'04 attached r is then moved along one of the 
machine apees by a distance equal to the length of the 
ball -bar. « ' The second ball 106 is now seated in the cup 
102*« The balls 100, 106 may be rotated in their 
respective 1 cUps 102, 108 until the two housings 104, 
106* be bormeoted together by their kinematic joint 
114. ' When proper setting between the cup 108 and ball 
"T0$ r fiSB|7beBn" achieved "the adJustnSent" mechanism "of^ the " * 
cup is' tightened. The ball-bar is now aligned with the 
machine- axis. 

Tomalce measurements along the axis, the machine 
spindle^ i's mo^ed along it^ a*is, carrying the ball 102 
and reflector housing by breaking the kinematic joint. 
The, interferometer measures the distance moved. 

TO prevfeht sagging of the ball bar when the kinematic 
joint 114^ is broken, the weight of the ball-bar may be 
counterbalanced,^ or the magnets used to hold the ball 
in the cups are made sufficiently powerful to resist 
the sagging, ,for- example by reinforcing the magnetic 
force, with electromagnets. 

To reduce; the weight of the ball bar, the light source 
may^be-a remote light source connected to the ball bar 
by a , fibre 'optic cable. 

Because the" ball -bar can pivot in the Cup on the 
machine / spindle, . measurement may be made along, both _the 

u*,*a,TnnrnTfv r-» i I mui if? T l, fTTNl I.IT"IM_J i/^.ct •^rara'p. 
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X and ,Y dx.es of the machine by pivoting the ball bar 
through SO* 
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